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y fonchip M yHiil<» Assemblies 
The present invention relates to microchip module (MCM) assemblies. 
Modem microelectronic system construction is demanding ever greater levels 
of integration and the use of packaging techniques that provide cost effective, compact 
assemblies and sub-assemblies. The demand is particularly strong in the area of 
portable electronic products where assembly size, weight, power consumption and cost 
are critical. The emergence of the PCMCIA computer industry standard for 
miniaturised circuit card expansion slots in portable computing equipment also places 
a growing emphasis on the physical height of electronic assemblies. 

A variety of thin film deposited technologies, known as MCM-D. have been 
developed to provide islands of high density integration in such electronics assemblies. 
The MCM-D assemblies involve multiple silicon, GaAs and related active devices 
mounted on the MCM-D substrate by wire bonding or by flip chip solder bonding. The 
MCM-D substrate provides a multilayer metallisation and dielectric structure defined 
on a silicon, alumina or other suitable base substrate layer to provide ground, power and 
signal routing structures and. in certain MCM-D processes, a full range of integrated 
thin film passive components, including resistors, capacitors and inductors. The 
substrate is manufactured by IC-like processing methods and employs feature sizes that 
are between those of standard IC and pcb processes. 

A variety of techniques may be employed for packaging MCM-D assemblies. 
High reliability, high thermal dissipation MCM-D designs may be packaged in hermetic 
ceramic enclosures manufactured by established methods. Module designs that require 
an hermetic environment for reasons of device performance stability, for example where 
SAW devices are included within the package structure, may also employ ceramic 
packaging techniques. The package form factor will be selected according to the 
application and may include leadless ceramic chip carriers, leaded ceramic flatpacks. 
pin grid arrays, land grid arrays and ball grid arrays. 

Plastic packaging techniques may also be employed with MCM-D^ssemblies: 
Substrate assemblies may be mounted on metallic lead frames, wire bonds made 
between the substrate and the lead frame and the plastic package body defined by 
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m natively, where compatible base subsmue mater.als. such as 
inje.sionmouW.ng. Alternatively.™ f directly to the MCM-D base 

atumina are employed, the package reads may be brazed ° ' 

oackagmg usually evolves lower packaging costs than ceranuc packaging 

^^^^^^^^^^^ 

ne.io stabile and compatibUi^ alio*. 

m above MCM-D packaging techniques aU urvolv. greater physrc 
, chm ,r packaging, due to *e presence of separate substrate and chrp layers. 

conneoed directly ,o elecuica. conductors fonned on asurf 
«** board by means of an array of solder bump connects. w.«h 

assembly is inverted ^ may be protected 

) bv an array of solder sphere connections. Themountea M . D 

d ,,ec,ric structure that provides the grou d. p^ ^ ^ 
iraegraied passive components (not shown). Active dev.ces 

30 Z-.-i«-^^*^ 4 '-^ WP * , ^^ 



, case In either case, the device .tartness should 

latter technique being preferred ,„ Uus case. In at 100 to 200 

• • „H GaAs devices are conventionally manufactured 
be rammised. GaAs de . mmKliaK , v compatible with this structure, 

micrometres thinness and are therefore 

M silicon 1C wafers. ie. * ^ and the 

MCM-D substrate is filled with a ndsto ensure that the final thermal 

fl ip chip solder bonds 5 fe ^ 

rr-.nr.-jr: 

properties. adhesive materials 7 may be 

Where w-b^din^^o^fa^oro^ ^ 

predion in subsequent handling operauons. ^ 
The MCM-D substrate 1 is further provided with larger a . 

,h« electrical connections to tbe printed ctrcuu board 9 

in the final assembly. These solder bump 

^terof the module substrate 1. although connections within the substrate y 
penmeterottnemoauic -oid-rable metallisation and 

be employed to advantage in some applicauon, T1- ^ „ 
solderlayersfor-esesolderbumpsmaybeapphedrnthesamepr^sss p 

30 ployed to d.«„e the so,der bumps lor the active device attachment. Ty P ,ca, 



materials for these layers inilude solderable CrCuAu muhilayer -M. - 
95 %Pb-5%Sn solder (««%). The *— -* *e*™ ionS ofthCSe larg " *""" 
bonds wilt be deKrnuned primarily b, .he heigh, of .he mourned devices 2 and 3 on the 
MCM-D sobsmte 1. The bind heigh, most be greaer than .he mo«n«d component 
5 height i.«. typically greaKr man 200 micromares. The bond dtane^r is likely .o be 
in me range from 100 <o 500 nWromares. A proportion of the solder volume reared 
i„ me final modul«-«o.board jettons may be supplied in the subs.ra.e burning 
process. This may invoke a subsume bump thickness between 15 and 125 
rnicrome.res. AddUkma. solder volume may be added <o the modul«-,o-boa,d 
,„ connections in the form of discrete soider spheres .ha, are alloyed 

so.der layer. Such solder spheres may employ high mehing point 90%Pb-.0*Sn 
solder or low melling pota. eutectic solder as required. 

After device assembly <i> <he MCM-D subsmue 1 and compledon of underfill 
and encapsu^on processes. «|e module is functionally tested prior .o assembly .o the 

15 printed circuit board 9. | 

TlKfu.elincprintedci.^tboardQto which the MCM-D substrate 1 is attached 

is provided with a matching ^ay of solderable copper lands and solder bumps as 
required The board level solder bumps may be defined using solder plating techniques 
in which solder is applied over, an area larger than the land area and then reflowed to 
20 increase the local solder bump height. Alternatively discrete solder spheres may be 
employed as described earlier, j The solderable regions of the copper metallisauon on 
the board are def.ned by meansj of a suitably patterned solder resist masking layer. 

The prepared substrate module is inverted and soldered onto the bumped pnnted 
circuit board 9 using standard! surfaC e mounting pick and place and solder reflow 
25 equipment. Suitable flux maters may be employed to improve wetting of the solder 
Joints. After solder bonding the flux residues may be removed by appropriate solvent 
cleanin* procedures. The overall solder connection geometries are designed to g.ve 
a separation between the MCM-P substrate active surface and the circuit board surface 

of about 400 micrometres. j 
,0 After solder bonding. th<! gap between the board and the MCM-D assembly may 
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between module 1 and the board 9. and tugn s j part j C ular 
tberm al and power cycling. The « - 

silicon or a,umina MCM-D substrate 1 an ^ 

^ encapsulen. — - ^ of of the uncured 

a, a slightly elevaKd temperature (60 to UXHO f» _ 

^^--^^irzL,, its ~ 

card materials under commercial environmental condtuons. 
T^MCM-D^uleonboard—^ 

a heigh, equal to the «. of me MCM-D substrate thickness and the solder 
with a hetght equa me area of ^ assembly is equal to the 

connection height (typtcally up to 1.0 mm). The are 
^..e substr»e are. p.us the smal. surrounding miniscus area 

sinkorelectnc^scre«nings» ntt .»res(nc,show„).otherearof*eMCMDsubs 
T ,1a, screening secures may also be inco^d into the printed crcu.t board 

rnn<;truction below the assembly. 
5 The suueture described above also involves the —~ minimum vo.ume o 

packaging materials and. through the use o, the solder connection memod. the use of 
algl mounting and bonding operation. This must therefore ,ead to a m,n,ma, 
packaging cos. for the particular module on board functton. 



a rrucrociup moduie substrate and a, ieas, one active semiconductor dev.ce mounted on 
a surface of . fine line printed cicui. board by means of - array of so,der bump 



surface 
2. 



2 A moduie on board suueture in accordance with daim 1 wherein said acttve 
w ,th a poiymer materia, having a client of therma. expansion substanttaUy niched 



to that of the solder bonding. 
3 



3 A ^.^— ^--*-** a -- , « cw ■ 1, "^* , 

15 between the substrate and the surface of the printed circuit board is up to 400 



micrometres. 
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4 A method of making a structure ,n accords with Oaim 2 where.n soiderabie 
^UsaUon and soider Layers for the flip chip bonding and for the soider bump 
connections are applied to the substrate in the same process steps. 

5 A method of making a structure in accordance with Cairn i wherein soider 
humps are defined on connection Lands of the printed circuit board by soider piaUng a 
lar ger area than that of each iand and then melting the soider piating such that reflow 
by surface tension increases the heigh, of the soider layer over each respective iand. 

6 . A method of making a structure in accordance with Ciaim i wherein discrete 



solder 
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bodics are utilised to add solder volume to the solder bump connections. 



7. A module on board structure substantially as hereinbefore described with 
reference to the accompanying drawing. 
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